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(54) High-voltage switch gear protection circuit 



(57) A switch gear protection circuit for use in elec- 
tric vehicles provides parallel circuil pathways for selec- 
tively coupling a power source to a capacitive load, 
first pathway includes a main switch element that pref- 
erably is a high-current contactor or a high-current, low- 
voltage relay switch. A second pathway, which is in par- 
allel with the first pathway, includes a low-voltage, low- 
current switch element in series with a circuit breaker 
element such as a fuse. When it is desirable to open the 
main switch element in the first pathway, the second 
pathway is closed. Once the second pathway is closed, 
the voltage drop across the first pathway is reduced and 
the first switch element can be opened. The parallel ar- 
rangement provides the ability to use low-voltage switch 
elements, that are relatively inexpensive compared to 
high-voltage components. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention generally relates to a switching 
circuit and more particularly to a circuit used as a switch 
gear circuit in electric vehicles for controlling capacitive 
loads. 

[0002] Electric vehicles typically include switch gear 
circuits designed to control power supply and usage of 
capacitive loads. I n most arrangements a precharge cir- 
cuit pathway is provided for charging a capacitive load 
by selectively coupling it with a power source. After the 
capacitive load is charged sufficiently, a main circuit 
pathway, which is in parallel with the precharge pathway, 
connects the power source to the load. After a prese- 
lected amount of time, the precharge circuit pathway is 
opened while the main pathway remains closed. 
[0003] In typical situations it becomes necessary to 
disconnect the capacitive load from the power source. 
Therefore, a relay that can consistently break large cur- 
rents at high voltages has been included in the main 
pathway. While such an arrangement has proven usa- 
ble, those skilled in the art are always striving to make 
improvements. One improvement that could be made is 
to use less-expensive components, which would make 
the overall system more economical. 
[0004] This invention provides a circuit arrangement 
that eliminates the need for a relatively expensive high- 
voltage relay switch in the main circuit pathway. This in- 
vention replaces the relatively expensive component 
with a very low cost arrangement that is reliable and eco- 
nomical. 

SUMMARY OF THE INVENTION 

[0005] In general terms, this invention is a switch gear 
circuit for use in electrical vehicles. The circuit is useful 
for selectively connecting a power source with a capac- 
itive load and especially for making failsafe disconnec- 
tions. A first circuit pathway includes a first switch ele- 
ment that is selectively closed to allow current to flow 
between the power source and the load. The first switch 
element is selectively opened only when the voltage 
across the switch element is less than a predetermined 
threshold value. A second pathway in parallel with the 
first includes a second switch element in series with a 
circuit breaker element. The second switch element is 
selectively closed to allow current to flow through the 
second pathway so that the voltage across the first 
switched element becomes less than the predetermined 
threshold value, which allows the first switch element to 
be selectively opened. The second switch element, 
which is protected from potentially damaging high cur- 
rents by the circuit breaker element, is later opened to 
completely disconnect the power source from the load. 
[0006] Providing a parallel second pathway allows for 
a high-current, low-voltage relay switch or contactor to 



be used in the main pathway, which presents a substan- 
tial savings compared to conventional high-voltage re- 
lay switches that would otherwise be required. 
[0007] The various features and advantages of em- 
5 bodiments of the invention will become apparent to 
those skilled in the art from the following detailed de- 
scription of the presently preferred embodiments. The 
drawings that accompany the detailed description can 
be described as follows. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 is a schematic illustration of a circuit 
designed according to this invention. 
is [0009] Figure 2 is a modified version of the embodi- 
ment of Figure 1. 

[0010] Figure 3 is another embodiment of a circuit de- 
signed according to this invention. 

20 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0011] Figure 1 illustrates a switch gear protection cir- 
cuit 20 for selectively coupling a power source 22 to a 

25 capacitive load 24. A first circuit breaker element 26 is 
in series with the power source 22. The circuit breaker 
element 26 preferably is a fuse and most preferably a 
fuse sized to handle the maximum normal current load 
without clearing. Three parallel circuit pathways 28, 30 

30 and 32 are arranged between the first circuit breaker el- 
ement 26 and the load 24. 

[0012] The circuit pathway 30 is referred to as a pre- 
charge pathway because it is used to precharge the load 
24. The precharge pathway 30 includes a switch ele- 

35 ment 34 in series with a resistive element 36. The switch 
element 34 preferably is a low-current contactor or low- 
current, low voltage relay switch. A second circuit break- 
er element 38 preferably is in series with the switch el- 
ement 34 to protect the switch element from unusually 

40 high currents. The second circuit breaker element 38 
preferably is a fuse that allows a maximum current flow 
at a level that will not damage the switch element 34 or 
the resistive element 36. 

[0013] A control circuit module 40 selectively closes 
45 the switch 34 to allow the capacitive load 24 to be 
charged. A conventional current sensor 42 is placed 
within the circuit as illustrated to provide the control cir- 
cuit module 40 information regarding the status of the 
circuit. Once the load 24 has been sufficiently charged, 
50 the control circuit module 40 closes a main switch ele- 
ment 44. A preselected amount of time later, the pre- 
charge switch element 34 is opened and the conductive 
pathway 28 allows current to flow from the power source 
22 to the load 24. 
55 [0014] The main switch element 44 can be a contactor 
or a relay switch. A high-current, low-voltage relay 
switch is most preferred because it is substantially more 
economical than a high-voltage contactor. Since the 
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main switch element 44 can only be opened when the 
voltage drop across it is low, the circuit 20 includes the 
third parallel pathway 32. 

[0015] When it is desirable to disconnect the power 
source 22 from the load 24 and the current flowing 
through the pathway 28 invoices too great of a voltage 
drop for the switch element 44 to be opened, the control 
circuit module 40 closes the switch element 34 and the 
switch element 46, which preferably is a low-current 
contactor or low-voltage, low-current relay switch. The 
impedance along the circuit pathway 32 is low. There- 
fore, closing the switches 34 and 46 limits the voltage 
drop across the main pathway 28 so that the main switch 
element 44 can be opened. To complete the disconnect 
operation, the switch elements 34 and 46 are opened. 
[0016] Under most scenarios, the capacitive load 24 
will be fully charged when it is desirable to disconnect it 
from the power source 22. Therefore, the voltage drop 
across the circuit pathways will be relatively low and the 
amount of current flowing will be low, also. Under these 
conditions it will be possible to control the low-voltage 
contactors or relay switches 44 and 46 as just described. 
[0017] Under some fault conditions requiring an 
emergency power off sequence, relatively high currents 
may be present. The circuit breaker element 38 is pro- 
vided to protect the secondary switch element 46 and 
the switch element 34 from unusually high currents. 
Once the fuse element 38 is cleared, the circuit is 
opened and the desired disconnect operation is com- 
pleted. Obviously, the circuit breaker element 38 will 
need to be reset or replaced for a subsequent charging 
operation. Accordingly, it will be possible to detect when 
the circuit breaker element 38 has cleared because a 
later precharge operation will not be possible. 
[0018] The circuit in Figure 2 is essentially the same 
as that described above with the exception that the sec- 
ondary switch element 46 is connected in parallel across 
the series combination of the precharge switch 34 and 
the resistive element 36. This embodiment allows the 
shut down and the emergency power off sequences to 
be handled without having to close the precharge switch 
34 as described above. Otherwise, the function and op- 
eration of the circuit in Figure 2 is the same as that in 
Figure 1. 

[0019] Figure 3 illustrates another embodiment of this 
invention where the circuit breaker element 38 is in se- 
ries with the secondary switch 46. That series arrange- 
ment is in parallel with the precharge circuit 30 and the 
main pathway 28. This embodiment works essentially 
the same as that described above with the exception 
that if the circuit breaker element 38 is cleared, a sub- 
sequent precharge operation will still be possible be- 
cause the circuit breaker 38 is no longer in series with 
the precharge switch element 34. 
[0020] This invention provides the significant advan- 
tage of allowing the use of relatively low cost, low-volt- 
age relay switches in place of high-voltage relay switch- 
es that were used in prior configurations. Since a plural- 



ity of such circuits may need to be included in electric 
vehicle contactor boxes, this invention provides a sig- 
nificant overall cost savings. 

[0021] The foregoing description is exemplary rather 
5 than limiting in nature, variations and modifications of 
the disclosed embodiments may become apparent to 
those skilled in the art that do not necessarily depart 
from the purview and spirit of this invention. The scope 
of legal protection given to this invention can only be 
10 determined by studying the following claims. 



Claims 

15 1. A switch gear circuit for use in electric vehicles, 
comprising: 

a power source; 
a capacitive load; 
20 a circuit breaker element in series with said 

power source between said power source and 
said load and configured to open said circuit 
when a current flow through said circuit breaker 
element exceeds a first preselected maximum; 
25 afirst pathway having afirst switch elementthat 

is selectively closed to allow current flow be- 
tween said power source and said load and 
opened only when a voltage drop across said 
first switch element is less than a predeter- 
30 mined threshold value; and 

a second pathway in parallel with said first path- 
way and including a second switch element in 
series with a second circuit breaker element 
that is configured to open when a current flow 
35 through said second circuit breaker element ex- 

ceeds a second preselected maximum, said 
second switch element being selectively closed 
to allow current to flow through said second 
pathway so that said voltage drop across said 
40 first switch element becomes less than said 

predetermined threshold value to thereby allow 
said first switch element to be selectively 
opened. 

45 2. The circuit of claim 1. further comprising a pre- 
charge pathway in parallel with said first pathway 
and including a precharge switch element that is se- 
lectively closed to complete said precharge circuit 
pathway so that said load is charged by said power 
50 source, said precharge pathway further including a 
resistive element in series with said precharge 
switch element to control a rate at which said load 
is charged. 

55 3. The circuit of claim 2, wherein said second pathway 
is connected in parallel across said precharge path- 
way. 
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4. The circuit of claim 2, wherein said second switch 
element is connected in parallel across said resis- 
tive element. 

5. The circuit of claim 2, wherein said second circuit 
breaker element is in series with a parallel arrange- 
ment of said second switch element and said pre- 
charge pathway. 

6. The circuit of claim 1 , wherein said first switch ele- 
ment comprises a contactor that is selectively 
opened from a closed posture only when current 
flowing through said contactor has a relatively low 
value. 

7. The circuit of claim 1 , wherein said first switch ele- 
ment comprises a relay switch that is selectively 
opened from a closed posture only when current 
flowing through said relay switch has a relatively low 
value. 

8. The circuit of claim 1, wherein said second switch 
element comprises a contactor. 

9. The circuit of claim 1, wherein said second switch 
element comprises a relay switch. 

10. The circuit of claim 1, wherein said first and second 
circuit breaker elements comprise fuses, respec- 
tively and wherein said first preselected maximum 
is greater than said second preselected maximum. 

11. The circuit of claim 1, further comprising a control 
module that is coupled to said switch elements and 
selectively opens and closes said switch elements. 

12. The circuit of claim 11, further comprising a current 
detector that detects an amount of current flowing 
between said power source and said load and 
wherein said control module is responsive tothe de- 
tected amount of current. 



that is in parallel to the second connection; 

(E) disconnecting the second connection after 
performing step (D); and 

(F) disconnecting the third connection a second 
s preselected time period after performing step 

(E). 

14. The method of claim 13, wherein the second con- 
nection comprises a switch element that is opened 
10 only when a current flowing through said switch el- 
ement is below a predetermined threshold value 
and wherein step (B) is performed by selectively 
closing said switch element. 

15 15. The method of claim 14, wherein the third connec- 
tion comprises a third switch element in series with 
a circuit breaker element and wherein step (D) is 
performed by closing the third switch element to al- 
low current to flow through the third connection to 

20 thereby allow the current flowing through the sec- 
ond switch element to decrease below the threshold 
value. 

16. The method of claim 1 3, further comprising the step 
25 of determining an amount of current flowing be- 
tween the power source and the capacitive load and 
performing steps (B) through (E) depending on the 
amount of current that is determined. 

30 17. A switch gear protection circuit comprising parallel 
circuit pathways for selectively coupling a power 
source to a capacitive load 
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13. A method of controlling a switch gear circuit in an 
electric vehicle having a capacitive load that is se- 
lectively coupled to a power source through a plu- 45 
rality of pathways, comprising the steps of: 



(A) precharging the capacitive load by selec- 
tively coupling said load to a power source 
through a first connection; 50 

(B) coupling the capacitive load to the power 
source through a second connection that is in 
parallel to the first connection after performing 
step (A) for a first preselected time period; 

(C) disconnecting the first connection after per- ss 
forming step (B); 

(D) selectively coupling the capacitive load to 
the power source through a third connection 
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